A previous study showed that intergenogroup reassortants of human rotaviruses can persist in nature (R. L. Ward, 0. Nakagomi, D. R. Knowlton, M. M. McNeal, T. Nakagomi, J. D. Clemens, D. A. Sack, and G. M. Schiff, J. Virol. 64:3219-3225, 1990), but the mechanisms involved in their formation and selection had not been determined. In this study it was shown that, during cell culture adaptation of rotaviruses belonging to different genogroups from stools of dually infected subjects, intergenogroup reassortants were formed and selected, presumably mimicking the processes that occur in nature.
The rotavirus genome consists of 11 segments of doublestranded RNA, each of which encodes a distinct viral protein (1) . Coinfection of cells with two strains of rotavirus can result in viral progeny that inherit genome segments from both parental strains. These reassortants are readily formed in cell culture and, based on evidence that dual infections are not uncommon, are also expected to form in the intestine during natural infection. It is probable, however, that only a limited number of reassortants with the proper combination of segments will persist in a competitive environment. This was demonstrated by the finding that reassortants formed after coinfection of cultured cells with subgroup I and II human rotaviruses were unable to compete against their parental strains during cell culture passages (10) . Furthermore, until very recently all natural isolates of group A human rotaviruses belonged exclusively to one of three genogroups (Wa, DS-1, or AU-1) based on RNA homologies (i.e., rotaviruses within a genogroup were much more genetically related to each other than to strains in other genogroups) (6, 7) . This suggested that, if intergenogroup reassortants were made, their abilities to compete in nature against strains with all segments belonging to one genogroup were very poor.
A large number (i.e., 381) of human rotaviruses obtained from infected subjects in Bangladesh were recently culture adapted, and 335 appeared to be due to infections with a single strain of rotavirus based on the finding that both the original stools and culture-adapted preparations contained only 11 segments of rotavirus RNA (9) . Nine of these 335 isolates had properties that suggested that they may be reassortants between different genogroups because of unusual relationships among serotype, subgroup, and electropherotype (13) . Two of these nine were further examined by RNA-RNA hybridization with prototype strains of the three human rotavirus genogroups and shown to be intergenogroup reassortants (13) . Because of their persistence in nature, these reassortants appeared to have had growth advan-* Corresponding author. tages over other strains, presumably including those that contained all 11 genome segments of the same genogroup.
The other 46 rotavirus specimens that were culture adapted from the Bangladeshi subjects had more than 11 RNA segments. This suggested that they may have been from subjects dually infected with two or more strains of rotavirus. Based on the subgroup, serotype, and electropherotype of these 46 culture-adapted isolates, some appeared to be derived from parental strains of different genogroups (9) . The purpose of this study was to determine whether natural coinfection of humans with rotaviruses of different genogroups can result in the formation and selection of intergenogroup reassortants under the highly competitive conditions expected during cell culture adaptation. If so, the results could serve as a model for natural formation and selection of intergenogroup reassortants.
The rotaviruses examined in this study were obtained from stools of two infected subjects during an investigation of diarrheal disease in Bangladesh during 1985 and 1986. The two rotavirus specimens (numbered 293 and 453) were culture adapted by two passages in primary African green monkey kidney cells and eight passages in MA104 cells as described previously (12) . The culture-adapted isolates were then plaque purified three times. The subgroup, serotype, and electropherotype of these isolates were determined as described elsewhere (11, 13) . The genogroup of each RNA segment of the plaque-purified isolates was determined by RNA-RNA hybridization with 32P-labeled single-stranded RNA transcripts of prototype rotavirus strains representative of the three human genogroups. These included the Wa, KUN, and AU-1 strains, representative of the Wa, DS-1, and AU-1 genogroups, respectively. Hybrids formed between RNA segments of these viruses were separated by polyacrylamide gel electrophoresis and detected by ethidium bromide staining followed by autoradiography. These procedures have been described in detail in a previous publication (13) .
The two rotavirus specimens selected for this study were chosen because electrophoretic analyses of genomic RNAs extracted from stool and cell culture-passaged preparations strongly indicated that these infections were due to more Electrophoretic analysis of RNA segments from rotavirus specimen 293 was conducted with the original stool, fifth cell culture passage, and a plaque-purified isolate (Fig. 1 ). All three preparations had "short" electropherotypes. The stool sample contained only 11 detectable segments, but after five cell culture passages, 4 additional segments were evident. The original segment 4 was replaced by a faster-moving segment 4, additional faint bands for segments 6 and 7 were found, and segment 8 was almost completely replaced by a new segment which migrated faster than the original segment 9. The plaque-purified isolate (one of seven examined, all of which had identical electropherotypes) contained the RNA pattern dominant after the fifth cell culture passage.
RNA preparations from the same passages of specimen 453 revealed a short to "long" pattern change during cell culture passage (Fig. 1) . The original stool contained 11 prominent RNA bands and several additional faint bands, including at least segments 5, 8, and 11. After five cell culture passages, the additional bands were no longer detectable with the exception that the original band for segment 10 had been totally replaced by the faint band of segment 11 and a very 293 Fifth passage I 27,000 <500 <500 <1,000 Plaque purified I 27,000 <500 <500 <1,000 453 Fifth passage I <1,000 14,000 <500 <1,000 Plaque purified I <1,000 14,000 <500 <1,000
a Antiserum titers to homologous viruses were 80,000, 40,000, 75,000, and 400,000 to Wa, DS-1, P, and ST-3, representatives of serotypes 1 through 4, respectively. faint additional band for segment 6 was visible. The plaquepurified isolate (one of five examined, all of which had identical electropherotypes) had the electropherotype that was dominant in the passage 5 preparation.
Subgroup and serotype analyses were conducted with the fifth cell culture passage and plaque-purified isolates of these specimens. Both preparations of each virus yielded essentially identical results ( These results, coupled with those found by electrophoretic analyses, indicated that the original stools of both 293 and 453 contained two strains of rotavirus belonging to different genogroups. The dominant strain in stool specimen 293 appeared to be a typical DS-1-like rotavirus which, based on analyses of human rotaviruses in previous studies, would be expected to belong to serotype 2. This stool specimen also appeared to contain a serotype 1 rotavirus strain. During cell culture passage, the two segments encoding the proteins responsible for serotype designation (i.e., VP7 and VP4) (2, 3, 8) from the serotype 1 strain appeared to replace those of the dominant virus. Thus, the plaque-purified isolate of 293 was expected to contain segments 4 and 9 of a strain belonging to the Wa genogroup and the other segments from a virus belonging to the DS-1 genogroup.
The stool sample of specimen 453 appeared to contain a serotype 2-subgroup I virus with a short electropherotype (the dominant strain) and a second virus with a long electropherotype, a trait not typically associated with serotype 2-subgroup I human rotaviruses. During passage in cell culture, only the segment responsible for the short-versuslong designation (i.e., segment 10 or 11) (4, 5) appeared to be replaced in the dominant strain. Thus, plaque-purified strain 453 was expected to contain 10 genomic segments from a virus belonging to the DS-1 genogroup and only segment 11 from a virus belonging to the Wa or AU-1 genogroup.
To establish whether both were intergenogroup reassortants, RNA-RNA hybridization studies were performed between segments of the plaque-purified 293 and 453 isolates and 32P-labeled, single-stranded RNA transcripts of strains representative of the three proposed human rotavirus genogroups. Homologous RNA-RNA reactions were identified by bands on the autoradiograms that comigrated with genomic double-stranded RNA segments visualized by ethidium bromide staining of the gels following electrophoresis; hybrids between genomic segments that were related but not completely homologous formed bands that usually did not comigrate with bands formed between the homologous segments. Thus, the presence of aberrantly migrating hybrid bands These results indicate that stool specimens 293 and 453 both contained two strains of rotavirus, presumably due to a dual infection with rotaviruses belonging to different genogroups. In both cases it appeared that one strain was present in great excess over the second strain. Even with the excessive amount of one parental strain in each specimen, one or two of the RNA segments from the dominant strain were replaced, during cell culture passage, by segments from the much less prominent strain. Thus, under the competitive conditions expected during cell culture adaptation of rotavirus, the strain selected appeared to be a hybrid between the parental viruses. Of greater interest was the finding that the parental strains appeared to be from different genogroups.
The virus selected in both cases was, therefore, an intergenogroup reassortant. Thus, these reassortants appeared to be selected in the presence of, and in preference to, either of the parental strains. It is unknown whether the same selection processes would have occurred in the intestines of subjects who produced specimens 293 and 453. However, intergenogroup reassortants have been found in other subjects in this same study (13) . Thus, it is possible that the _N.
selection processes operating in cell culture which yield intergenogroup reassortants may be the same processes that occur in the intestines of infected subjects. could be interpreted as an indication of partial homology between the single-stranded RNA probes and genomic RNA.
By using the 32P-labeled Wa RNA probe, two hybrids were formed with RNA from plaque-purified 293 (Fig. 2) . In agreement with the predicted results, nine hybrids were formed between 32P-labeled KUN RNA (the representative of the DS-1 genogroup) and genomic RNA from 293. No hybrids were detected between RNAs from AU-i and 293. The migration patterns of the hybrids formed between 293 and either Wa or KUN were consistent with the suggestion that segments 4 and 9, which encode the two neutralization proteins VP4 and VP7 (2, 3, 8) , were those derived from a strain belonging to the Wa genogroup.
32P-labeled Wa RNA formed only one hybrid with RNA from plaque-purified 453 and labeled KUN RNA formed 10 hybrids with RNA from this isolate (Fig. 2) . Again, 32p_ labeled AU-i RNA formed no detectable hybrids. The migration patterns of the RNA hybrids were consistent with the suggestion that the genome segment responsible for the short-versus-long pattern was the only segment derived from a strain belonging to the Wa genogroup.
